"6radio-carousel," consisted of a circular table on which six cassettes were fixed equidistantly. Mechanical rotation of the table brought the cassettes into position for serial exposure. By this means they were able to make crude studies of the cerebral circulation (Egas Moniz, 1934) , and little has been added to their findings since that time.
The value of phlebograms in addition to arteriograms is now well established. For routine work most centres gradually evolved simple mechanical contrivances enabling two, three, or more films to be exposed over a period of about four to six seconds (Sanchez-Perez, 1943 ; Engeset, 1944; Lindgren, 1947; Boardman and Vickers, 1947) . Such methods, satisfactory for routine diagnostic use, are subject to the criticism that they give pictures representing only isolated parts of a cycle of events. A study of the full circulation was not possible, and on these isolated pictures some unwarranted conclusions have been reached in reference to variations in circulation rate, the filling of vessels, arterial spasm, and even blockage.
Further development was possible along two lines.
Cineradiography depended on a cinematographic record of the image projected on a fluorescent * Nuffield Dominions Scholar from the University of Melbourne.
screen. Holm (1944) first reported its use in cerebral angiography. However, by this method at present there is great loss of definition. Lyshohm and his assistants (1947) were fully aware of this drawback, and sought improvements in the definitive quality of the fluorescent screen and in the lens system of the camera.
Rapid Serial Exposures.-An alternative approach to the problem was by means of rapid serial exposures on a length of x-ray film. It was felt that this method could provide clearer pictures although the sensation of movement would be sacrificed. Exposures at a rate of up to two per second would then be adequate, at this stage, to study changes in the circulation, provided that the full period of the circulation could be covered. This paper is concerned with the results obtained by means of an apparatus developed along these lines.
Apparatus
Only a brief account of the apparatus will be given here. A prerequisite to its design and construction was x-ray equipment with the following characteristics:
1. An 4. There should be a mechanism for the opposition of intensifying screens to the film at the time of exposure, as this is essential to obtain the necessary definition with such a short exposure.
5. The film should stand vertically, as by this means lateral views could be taken with the head in the browup position. This would facilitate percutaneous arterial puncture and accurate positioning.
6. The machine should fit the standard LysholmSchonander skull table which was available to us. The considerable problems arising from these requirements were brilliantly solved by Dr. E. Schuster, O.B.E., who designed and constructed a machine based on the following principles:
1. The movements are driven by a constant-speed electric motor.
2. The timing de-,ices depend on electrical circuits. 3. The film is taken up on a spool which is rotated by a transmission rod. This is timed to engage, rotate, and disengage automatically between exposures.
4. The intensifying screens are clamped to, and disengaged from, the film before and after the exposure by a system of electro-magnets.
5. The electrical impulse to set off the exposure mechanism of the x-ray tube is synchronized with the movement of the film. Difficulty was experienced in developing a strip of film 20 ft. long and 10 in. wide, but was overcome by utilizing the principle of the "spiral holder," used to develop the lengths of film used in aerial photography during the 1939-45 war. The holder was modified to take film 10 in. wide.
Results
The results obtained by this Case 2.-The following case illustrates the special value of this method in the diagnosis of a pathological circulation.
A girl (No. 95,121/48) aged 19 years had suffered from attacks since the age of 7 years. In these there was a transitory loss of consciousness preceded by a sensation of numbness in the left hand. Examination showed slight motor'weakness and a slight sensory loss of the cortical type in the left hand. Otherwise there was no abnormality on clinical examination, and there was no evidence of cutaneous hemangiomata. X-ray examination of the skull showed a patch of irregular calcification in the right parietal region (Fig. 19) Fig. 3 , while the appearances during early venous filling are seen in Fig. 7 and the details of later venous filling in Figs. 11 and 12. The injection of diodone took slightly over 2-0 secs. During the first 2 sec.* the contrast passed * All times are measured from the first exposure which is taken at the beginning of the injection. down the tubing connexion and up the artery to reach the genu of the anterior cerebral artery (Fig. 2) . It has thus travelled about 20 cm. up the artery and a rough estimate of the minimum velocity of the contrast in the artery therefore would be 30 cm./sec.
The first veins showed filling after 2 secs., and it is of interest to note that they are parts of the deep venous drainage (Fig. 5) . Previously it has been held that the deep venous drainage is slower than the superficial: the internal cerebral vein, the great vein of Galen, and the inferior longitudinal sinus are generally shown filled on the phlebogram of the second phase, and not on the first phlebogram (Moniz, 1934; Sanchez-Perez, 1941 ; Engeset, 1944 The time taken from the beginning of the injection to the end of the venous drainage was 12-0 secs., the major portion of which was occupied with venous drainage, the time taken for the contrast to traverse the arteries, arterioles, capillaries, and venules being just under 3 secs. After 82 secs. the deep venous drainage could no longer be seen. The last veins to be seen were the posterior frontal and parietal superficial ascending veins, which had first shown filling at about 4 0 secs. Thus, diodone had been passing through the deep veins for about 6-0 secs. and through the superficial veins for about 8-0 secs.
Overflow.-There are several illustrations of overflow in these two cases. In Case 1 contrast from the left internal carotid could be seen in the left posterior cerebral and the right anterior cerebral arteries (Fig. 3) . However, it quickly became fainter (Fig. 4) . Overflow occurring at such an early stage (l1-secs.) may easily be missed in angiography by previous techniques when the arteriographic picture is taken at the end of the injection.
In Case 2 with injection through the right carotid there is also the unusual example of filling of the right and left anterior cerebral, the right middle cerebral, the right and left posterior cerebral arteries (Figs. 20 and 21, taken at 2 sec. and I -secs.). In addition, in the same figures, there is seen retrograde fiHing of the basilar and anterior superior cerebellar arteries. The overflow has faded considerably by Fig. 22 (at 2 secs.) , and it would be difficult to detect by the ordinary arteriographic timing.
The Angiomatous Malformation.-In Case 2 the visualization of the angiomatous malformation, seen best at 91 secs. (Fig. 33) Green and Arana (1948) . The slow circulation of the malformation was adequately visualized only by the serial films over a long period. Summary 1. A method of rapid serial angiography has been described which will take twenty-five full-size x-ray pictures at intervals of i 3, or 1 second. 
